SUMMARY The severity ofaortic stenosis is an important determinant ofprognosis in patients with symptoms who do not undergo valve replacement. To assess the pitfalls of using valve gradients alone 636 patients with aortic stenosis in whom the aortic valve area had been calculated by the Gorlin formula were studied. The correlation between valve area and aortic gradients was poor. No gradient was found that was both sensitive and specific for aortic stenosis. We studied the inaccuracy of both mean and peak aortic valve gradients alone in predicting aortic valve area and the values of valve gradient at which valve area must be calculated to ensure accurate assessment of the severity of aortic stenosis.
SUMMARY The severity ofaortic stenosis is an important determinant ofprognosis in patients with symptoms who do not undergo valve replacement. To assess the pitfalls of using valve gradients alone 636 patients with aortic stenosis in whom the aortic valve area had been calculated by the Gorlin formula were studied. The correlation between valve area and aortic gradients was poor. No gradient was found that was both sensitive and specific for aortic stenosis. The maximum predictive accuracy was 81% for a mean gradient of 30 mm Hg and 80% for a peak gradient of 30 mm Hg. A mean gradient of 50 mm Hg or a peak gradient of60 mm Hg were specific with a 90% or more positive predictive value. It proved difficult, however, to find a lower limit with a 90% negative predictive value. Patients with severe aortic stenosis and low gradients (peak or mean gradient of < 30 mm Hg) had small ventricles (on both angiographic and echocardiographic data) with good ejection fractions and so were unlikely to be detected subjectively. In comparison patients with mild aortic stenosis and low gradients tended to have more aortic regurgitation but have similar degrees of left ventricular hypertrophy on echocardiographic or electrocardiographic criteria.
The aortic valve area should be measured in all patients with the suspicion of severe aortic stenosis with a mean gradient of < 50 mm Hg (50% of patients in this study) or a peak gradient of < 60 mm Hg (47% of patients in this study). Results Table 1 summarises the patient details. The aortic valve area was calculated in all patients and the peak gradient was available in 597 patients. The patient population studied had a range of severity of aortic stenosis with a mean aortic valve area of 0-94 cm2. Table 2 shows the details of the patients' symptoms.
Nearly all the patients had symptoms (94%)-with chest pain in 58% and syncope in 23%. The patients with severe aortic stenosis were significantly more likely to have symptoms and specifically more likely to have chest pain or syncope than those patients with mild aortic stenosis. Figures 1 and 2 show the plots of aortic valve area against mean and peak gradients and figs 3 and 4 show the log plots. There is a wide degree of scatter and this is reflected in the poor correlation seen with r values of -0-71 and-0 -70 for mean and peak gradients respectively calculated by linear regression from the logarithmic plots. There was little difference when the patients were subdivided according to grade of aortic regurgitation (table 3) . When there was no aortic regurgitation the r value reached -0-78 for the mean gradient. Table 4 examines the effect of age on the correlation. There was little difference between the various age groups except in the patients aged > 70 in whom the correlation was much poorer (053 for mean gradients and 0-43 for peak gradients). Tables 5 and 6 show the sensitivity and specificity of aortic valve gradients from 20 to 100 mm Hg for peak gradients and mean gradients respectively. The maximum predictive accuracy is 81 % for a mean Log peQk grQdient --F- group.bmj.com on June 22, 2017 -Published by http://heart.bmj.com/ Downloaded from Inaccuracies in using aortic valve gradients alone to grade severity of aortic stenosis 4 It may be argued that cardiac output is included because even where the valve area is not formally calculated, the decision to operate is also based on the subjective angiographic, echocardiographic, or clinical appearance and is not based on the gradient alone. This study showed that in patients with low gradients those with severe aortic stenosis had similar (or slightly better) ejection fractions and significantly smaller ventricles than those with mild aortic stenosis. These patients would be very difficult to identify on the subjective appearance of the echocardiogram or angiogram and would only be identified if the cardiac output was formally measured. The traditional clues of echocardiographic or electrocardiographic left ventricular hypertrophy would not be helpful because there is no significant difference between patients with severe and mild stenosis and low gradients. The patients with high gradients and mild aortic stenosis nearly all had grade 2 or more aortic regurgitation with large ventricles with good ejection fractions and would be less difficult to identify. In any case, the combination of stenosis and regurgitation in these patients may be sufficient to recommend operation.
It seems illogical to mix objective and subjective measurements when objective evidence can be obtained easily, either invasively or non-invasively. Doppler measurement of the aortic valve area by either the Gorlin formula or a continuity equation correlated closely with invasive measurements."" '7 Doppler gradients alone, however, are poor predictors of valve area; the study by Danielsen and colleagues produced very similar correlations to our study. '8 We suggest the following guidelines for calculating valve areas ifa selective policy is envisaged. An upper limit of a mean gradient of 50 mm Hg or a peak gradient of 60 mm Hg will have a low false positive rate for severe aortic stenosis and most of these patients will have clinically significant aortic regurgitation. We cannot, however, stake an effective lower limit because false negative rates were high for gradients of 20 or 30 mm Hg, especially where the peak gradient was used. These patients would be difficult to identify if the valve area is not calculated because they have relatively small ventricles with good ejection fractions. We therefore recommend that the aortic valve area should be calculated in all patients with symptoms and aortic stenosis with a mean gradient of < 50 mm Hg (50% of patients in this study) or a peak gradient of < 60 mm Hg (47% of patients in this study), particularly if there is no aortic regurgitation.
